Fifty individuals with lower limb impairments including spinal cord injury, polio and amputations underwent aerobic and anaerobic arm-cranking tests in a standardized laboratory setting. Based on linear regression models applied with age as dependent variable aerobic performance variable including HRmax (R=0.395, P=0.004), and POaer (R=0.31, P=0.021) were subjected to ANCOVA adjusting for age in order to determine the signi®cance of participation intensity (competitive vs leisure) and type of physical impairment. Anaerobic performance variables were not in¯uenced by age and thereby subjected to 1-Way ANOVA with the same independent variables. Participation intensity and type of impairment signi®cantly discriminated (P50.001) between athletes in all power variables. Linear regression models have shown moderate but signi®cant (P50.001) relationship with functional ability (bases on International Wheelchair Basketball Federation classi®cation system). In anaerobic mean power (MP) classi®cation accounted for 42% of the variance, while in anaerobic peak power (PP) and aerobic Power (POaer) for 38% and 30% respectively. By means of a post hoc Tukey analysis signi®cant dierences were observed between athletes with a high level paraplegia (class 1) and those with one leg aected by polio or amputations (classes 4, 4.5). Athletes with low level paraplegia and two legs aected by polio (classes 2 ± 3.5) had values in-between. Based on the descriptive evaluation, a three group scheme was conceptualized and resubjected to ANOVA. Signi®cant intergroup dierences were thus obtained only for PP. Descriptive PP data for each group were transformed into a ®ve category table in order to provide reference values for ®tness estimation in males with lower limb impairments of various etiologies.
Introduction
Arm crank exercise has always been the most popular method for ®tness evaluation in individuals with lower limb disabilities. 1, 2 ). It was utilized in several classic studies 3 ± 5 and is still the major component in designing large scale cross sectional studies. 6 Apart of its low cost and portability, it is also considered a skillfree stressor for the cardio-respiratory and muscular systems and thus relatively invulnerable to measurement bias deriving from personal levels of skill acquisition and motivation. 1 Latter characteristic could, eventually, be interpreted as a disadvantage referring to the dissimilarities existing between arm cranking and the major physical activity performed by individuals with lower limb impairments, namely actual wheelchair propulsion. 2 Arm cranking exercise seems to be an appropriate method for assessment of individuals who do not mobilize themselves by means of manual wheelchair propulsion, but rather via prothetically or orthoticly aided ambulation. In the case of sports, if the relevant performance includes non-speci®c activities such as swimming, weight-lifting or fencing, arm crank exercise is more suitable for comparative assessment than wheelchair speci®c exercise modalities such as wheelchair ergometry.
Following the recent functional sport classi®cation reform individuals with paraplegia do not compete among themselves anymore. Instead, they are being integrated together with individuals with amputations and other orthopedic impairments into the same competition categories. 7 ± 9 The criteria for classification have also been changed into a functional sport based model 10 rather than a medical impairment model. Following this reform, the question raises whether the ®tness level of athletes with paraplegia is comparable with that of athletes with other lower limb impairments. Previous studies have predominantly assessed cardio-respiratory ®tness of spinal cord injured collectives with particular respect to differences in their lesion level (for reviews see 2, 11 ). Maximal power outputs obtained during graded aerobic armcrank testing have shown good relationship with VO2peak and other cardiorespiratory variables. 12 The ®rst goal of this study is therefore, to compare power outputs of individuals with various reasons for a lower limb disability with respect to their functional classi®cation level.
Several studies have described both aerobic and anaerobic performance variables of individuals with spinal cord lesion on a wheelchair ergometer, 13, 14 but only a few studies were conducted to date with armcranking ergometers in order to assess anaerobic performance of individuals with lower limb impairments. 14 ± 17 This seems particularly justi®ed, taking into account the short duration and relatively high stress of many daily and sport related activities conducted by individuals with lower limb impairments. 18, 19 Thus, the second goal of this study is to provide reference values in both aerobic and anaerobic performance.
Previous attempts to study the relationship of participation in regular physical activity with performance of the cardio-respiratory system 2,4,5,20 and anaerobic performance 21 have not included age as a potential biasing factor. Neither has age been considered as a possible distracter in statistical analyses revealing dierences in aerobic and anaerobic performance between groups of individuals with dierent classi®cation. 14, 21, 22 In one study 23 authors have used a cross-sectional design and reported a decline in aerobic capacity by age for individuals with spinal cord injuries that was similar to the decline observed in able-bodied population. 24 The third goal of this study is therefore to control for age in evaluating the relationship of participation in sports and classi®cation on aerobic and anaerobic performance of individuals with lower limb impairments.
Methods

Subjects
Fifty male individuals with lower limb impairments were recruited to participate in this study after completing a written consent. Ten participated occasionally (1 ± 2 sessions a week) in leisure time sport activities, particularly recreational swimming and table tennis. They comprised the leisure activity group. The remaining 40 were competitive athletes specializing in dierent sport disciplines of national and international level and were involved in vigorous training (3 ± 5 weekly sessions) including structured training in their main discipline and complementary exercise sessions. They comprised the competitive sport group. All participants were divided among four disability groups according to their type and level of impairment. Thirteen individuals had high Paraplegia (complete above T6). Fifteeen had low Paraplegia (complete or incomplete below T6 to S5). Discrimination between high and low paraplegia was based on the anatomical cut-o level II to III utilized by the International Stoke Mandeville Games Federation (ISMGF) for classification of spinal injuries. 2 Ten had above knee or below knee unilateral amputations and 12 had a postpoliomyelitic lower limb lesion. Since a considerable number of subjects were predominantly engaged with wheelchair basketball (Table 1) , a scheme was used to determine the functional classi®cation system that is currently in international use for wheelchair basketball. 7 This procedure includes eight levels starting from 1 point (severe paralysis of the lower limbs and trunk resulting in the least function available for playing wheelchair basketball) reaching up to 4.5 points (minimal disability resulting in maximal functional ability comparable to an able bodied) with half point intervals in between. All subjects were classi®ed by approved international or national experts. Athlete's distribution among classes was about normal, with 13 classi®ed as 1 point, two as 1.5 points, 13 as 2 points, one as 2.5 points, four as 3 points, one as 3.5 points, six as 4 points and ten as 4.5 points. Athletes included in the leisure group were equally divided among the 1 point and 2 point classes (®ve athletes in each class). Therefore the signi®cance of activity intensity will be restricted to these categories only.
Instrumentation and procedure
Each subject visited the sports medicine laboratory on two dierent days with a 7 ± 14 days interval inbetween. Each of the testing sessions, included either the anaerobic or the aerobic ergometer test protocols. Both sessions were performed under sports medical supervision and were using the same arm cranking device (Fleish Metabo: Basel, Switzerland). Prior to completion of both tests athletes were interviewed for their sport history and anthropometric measurements were obtained, including weight and fat % (based on subscapular, suprailliac and triceps skin folds measured via caliper). The ®rst test was a modi®ed Wingate Anaerobic Test protocol (WAnT: 25) adapted for arm use. 16, 26 This is a reliable all-out 30 s arm-cranking test measuring Peak Anaerobic PO in a 5 s interval (PP), Mean Anaerobic Capacity, which is the mean PO over the whole 30 s period (MP) and Fatigue Index (FI), which is the percentage of PP achieved during the last 5 s interval. The resistance was determined relative to body weight at 35 g/kg. 27 The second test was a graded exercise loading to exhaustion protocol (240 g increments starting with 240 g and lasting 2 min each). Cranking rate was set at 70 rpm. Peak aerobic power output (POaer) was recorded during the graded exercise. HR was continuously measured by means of EKG to control for pathological symptoms. Reliability and validity of arm cranking for the measurement of aerobic and anaerobic performance were established previously 28, 29 respectively. Statistical analyses were carried out by means of SPSS and included: (a) product moment correlation and linear regression models among the PO variables and with age (b) ANCOVA adjusting for age with PO variables signi®cantly correlating with age; (c) 1-Way ANOVA with Tukey HSD post hoc tests among activity intensity and impairment groups.
Results
The mean age in the present sample was relative high for athletes (38.9+9.2) with a range between 18 and 62 years. The mean values of the competitive and leisure group (38.1+8.79 and 41.9+10.70) were analyzed by means of 1-way ANOVA and did not dier signi®cantly from each other (F [1, 24] =9.85, P=0.11). Linear regression models applied with age as the independent variable found moderate signi®cant negative relationships with HRmax (R=70.395, P=0.004), and POaer (R=0.31, P=0.021). No signi®cant relationship were found with the other PO variables. Table 2 presents mean values and SD of the dependent variables for the leisure and competitive groups separately.
These results clearly demonstrate the impact of activity intensity on PO in athletes with paraplegia. The descriptive data was con®rmed by means of an ANCOVA with age being the covariant and activity intensity the independent variable (Table 3 ). This analysis revealed that activity intensity signi®cantly explained the variance in all PO variables among individuals with lower limb impairments. During the ANCOVA applied on aerobic power output variables with impairment as independent variable, age was found having a signi®cant impact on POaer (F [1, 48] Table  3) .
The means and SD of the four impairment groups are demonstrated in Tukey range HSD signi®cantly discriminated between athletes with either high level or low level paraplegia (groups a and b respectively) and athletes with amputations (group d) in all PO variables. In FI individuals with high level lesions (group a) diered signi®cantly from athletes with amputations (group d) and those with polio (group c). Based on the visual analysis and the post hoc analysis we clustered groups b and c together and applied 1-Way ANOVA and Tukey HSD procedures to discriminate between groups. We thus found that the combined b+c group (subjects with low level paraplegia or polio) diered signi®cantly (P50.05) from both other groups with respect to anaerobic PP (F[2,48]=17.4, P=0.000). With respect to the other variables (MP, POaer) it did not dier from group a (h.l. paraplegia) and with respect to FI it did not dier signi®cantly from both other groups. In order to control for the potential eect of level of activity (leisure vs competitive), the same procedure was performed only with the athletic subjects revealing similar ®ndings (F [2, 38] =12.1, P=0.0001) with signi®cant dierences (P50.05) between the three groups. Table 4 describes results of the 1-Way ANOVA and post hoc tests for the whole sample and the competitive athletes separately.
Means and SD of each class included in the sample are demonstrated in Table 5 . It must be noticed, however, that in the half point classes only very few athletes were represented and generalization of results to these classes should be avoided. This distribution resulted from the consideration of the half point classes as borderline cases according to IWBF manual 7 and thus, suggested the use of non-parametric statistics in this study. In order to get a further impression of the eect of level of functional ability on power output, a Kruskal Wallis 1-Way ANOVA was Figure 1 Power outputs of subjects in dierent impairment groups The results of the regression analysis demonstrate that classi®cation of the sample included in this study accounts for 42 and 38% of the variance in anaerobic peak and mean power respectively, and 30% of the variance in aerobic power output. Figure 2 presents a scatter diagram and a linear regression describing the relationship of classi®cation and MP.
Of particular interest are the interrelationships between aerobic and anaerobic variables. Very high correlation coecients were observed between anaerobic MP and PP values (r=0.93). A signi®cant moderate to good correlation was also observed between MP and POaer (r=0.62). Figure 3 shows the relationship between MP and POaer.
Discussion
In this study a group or 50 individuals with lower limb impairments of various medical etiologies were subjected to aerobic and anaerobic testing. The results were adjusted for age by means of ANCOVA. Hereby, the relationship of participation in competitive vs leisure sport activity as well as the relationship of impairment and functional ability with performance in the tests could be determined.
Relationship of performance and activity intensity Participation in physical activity and sports had a signi®cant relationship (P=0.00) with all variables analyzed excluding HR. Maximal HR does not re¯ect by itself physical ®tness and is dependent on age and impairment (particularly in individuals with h.l. paraplegia due to damage to the autonomic nervous system). As expected, all variables which were included as measures of aerobic and anaerobic ®tness indicated a signi®cant advantage in the individuals who participate regularly in competitive physical activity compared with individuals who participate in physical activity only as a leisure time activity on an irregular basis. These ®ndings concern only groups a and b of individuals with high and low level paraplegia since the other impairment groups in the present study did not include leisure athletes. Our ®nding is consistent with numerous studies performed with able-bodied individuals, (for review see: 24 ) as well as with individuals who have lower limb impairments, particularly with respect to the aerobic variables. 5, 30, 31 Findings concerning the aerobic component of physical ®tness were usually measured showing dierence in VO 2 peak and derived from cross sectional studies 12, 15 as well as from longitudinal studies. 32 Our analysis did not include VO2peak, but rather POaer and showed a similar trend. 33 An important ®nding of this study concerns the relationship of participation intensity and anaerobic ®tness variables of individuals with lower limb impairments. The signi®cant dierence in favor of the competitively practicing athletes is particularly noticeable in Table 2 , showing that the competitively active individuals in group a (with h.l. paraplegia) had almost reached or even exceeded (in POaer and MP) values of individuals in group b who only participated in leisure activities. Previous studies 15, 19 have established the relationships of anaerobic capacity and every-day tasks of wheelchair users (r ranging 0.50 ± 0.75). It can thus be concluded that individuals with lower-limb impairments who participate in competitive sports may experience an improved function in every-day tasks that usually demand anaerobic resources.
Relationship of performance and age
The results of the ANCOVA performed on our sample support the generally accepted relationship of HRmax with age. 34 Aging processes including decrease of HRmax, Stroke Volume and blood¯ow to the active muscle have been reported, 35 leading, to a decrease of aerobic capacity at a rate of 10% per decade. However, adherence to vigorous aerobic training decreases this rate to only 1 ± 2% per decade. 34 The signi®cant eect of age on POaer obtained in our sample is in accordance with the reduction in aerobic power observed among non-trained individuals. Recent investigations 36 ± 38 suggested a similar or even faster rate of decrease in anaerobic power due to reduction in muscle mass, and a shift towards the ST muscle ®bers with age. It seems, though, that as in the case of aerobic power, vigorous training may reduce this rate to almost zero. 39 In the present investigation no relationship was found between age and any of the anaerobic PO variables. It may be speculated that since most of the athletes with lower limb impairments are engaged in rather power/skill (tennis, table tennis, volleyball, weight-lifting) or intermediate (basketball) type activities, athletes have bene®ted more from the anaerobic eect of their training than from the aerobic component.
Relationship of performance and impairment i.e. functional classi®cation
The data presented in Tables 3 ± 5 and in Figure 1 demonstrates a trend of increasing performance capacity with decreased impairment in all power output variables. Individuals with lower limb amputations had the best, while those with h.l. paraplegia the lowest achievements. The non-existent or poor stability of the trunk has been attributed as a possible reason for latter functional inferiority.
14 Previous studies utilizing armcranking ergometry have demonstrated signi®cant dierence in aerobic performance (VO 2 peak and POaer) between individuals with amputation and individuals with Spinal Cord Injury (SCI 40 ) as well as between athletes with h.l. paraplegia (group a in our study) and athletes with lower level paraplegia. 4 Similar results have been demonstrated in a recent study of 52 elite wheelchair basketball players 22 utilizing treadmill ergometry (with a wheelchair tied to a pully system) and ®eld performance tests. In another study utilizing the latter system of treadmill ergometry with 44 male subjects with SCI, Janssen and associates 14 revealed signi®cant dierences in VO 2 peak between individuals with h.l. paraplegia, who were classi®ed as Class II according to International Stoke Mandeville Games Federation (ISMGF) classi®cation system and individuals with lower level impairments classi®ed as class IV under the same system. VO 2 peak in the same task, anaerobic MP during a simulated wheelchair propulsion task and isometric maximal force on the handrims did not dier signi®cantly among individuals with h.l. and l.l. impairments. The latter ®ndings were repeated in a study of Dallmeijer et al 13 with 27 individuals with SCI. The lack of signi®cant dierences between aerobic performance of ISMGF and IWBF classes (II ± V and I ± IV respectively) reported in these studies as well as similar results obtained in performance tests 22, 41, 42 support a view of reducing the number of classes. The results obtained in the present study reveal nonsigni®cant dierences among individuals with spinal cord and polio lesions with respect to their aerobic capacity. Signi®cant dierences in POaer appear only between the individuals with spinal cord related conditions and individuals with lower limb amputations (Table 4) . Vanlandewijck et al 22 have speculated that anaerobic power output should be considered as a determining factor for classi®cation in wheelchair sports. This hypothesis has been con®rmed in part in the present study, revealing signi®cant dierences of anaerobic PP between the following groups: (I) high level paraplegia (above T6 complete); (II) low level paraplegia (below T5 complete or equivalent and polio); and (III) lower limb amputations.
These groups were assigned reference values based on the ®ve category scheme established by Astrand and Rohdal 43 and previously utilized for assessment purposes in lower limb impaired individuals with respect to VO 2 peak 12 as well as to Field-Test results. 44 Table 7 presents the ®tness reference values of peak anaerobic power output (PP in Watts) derived from this procedure. The suggestion to use PP in reference tables evaluating physical ®tness of individuals with lower limb impairments alongside VO 2 peak is based on the following observations (a) most wheelchair sport and every day tasks require substantial anaerobic power. In some sports e.g. in wheelchair basketball and wheelchair tennis, very short duration tasks (i.e. starting and pushing for two-three cycles) are dominating. (b) The relationship of PP with anaerobic MP and aerobic PO are high to moderate (r=0.93 and 0.62 respectively and (c) The WAnT requires simple instrumentation that can be installed in every Gym.
A comparative evaluation of power output values
The results presented in this study concerning POaer show similar values to results reported in previous investigations studying aerobic performance of lower limb individuals. 4.45.46 The results concerning PP and MP can be compared to results achieved in a previous study of Hutzler 26 studying Israeli national team athletes in wheelchair basketball who had reached 393.2+68.8 and 324+55.9 Watts respectively. These values correspond average values of group II in the present study. These results can further be compared to maximal power outputs of ten Japanese wheelchair basketball players who had been tested by means of a 10 s Force Velocity Test (X=351+104 Watts: 17), as well as to able-bodied male athletes aged 26 ± 35 who had participated in arm exercise as reported by Inbar, Bar-Or and Skinner. 27 The average values of the latter subjects were similar to those of the wheelchair athletes in group II and somewhat lower (18 ± 23%) than the athletes in group III reported in the present study. The signi®cant relationships observed between anaerobic MP and aerobic POaer seems to be a result of the intermediate aerobic and anaerobic characteristic of wheelchair sports in general and wheelchair basketball in particular.
Summary
This study included an analysis of results derived from aerobic and anaerobic tests performed with 50 individuals with lower limb impairments. While adjusting results for the eect of age, the importance of regular participation in physical activity and sports as well as certain eects of functional ability on variables of physical ®tness in individuals with lower limb impairments have been demonstrated. On the bases of our ®ndings age relates to performance only in the aerobic variables. This seems to to be a result of the speci®c training in wheelchair sports concentrating on anaerobic performance. Type and level of impairment and functional classi®cation have a moderate relationship with performance. Considering the relationships of power outputs and functional classi®cation obtained in the present study, ®ndings suggest a consequent signi®cant dierence only between individuals with amputations and those with spinal cord injuries or polio. A subdivision of paralyzing conditions seems justi®ed only with respect to peak anaerobic power, which is, however, a very important factor in wheelchair sports. A statistical analysis was applied in order to develop a scheme for a dierential ®tness assessment with respect to anaerobic PP in three groups comprising of (I) high level paraplegia (above T6 complete); (II) low level paraplegia (below T5 complete or equivalent and polio); and (III) lower limb amputations. Reference values for PP in each of these groups have been generated. Caution should still be taken while interpreting our reference values, since several classes (those with half point invervals ± Table  4) were represented with a limited number of subjects. Also, it must be noticed that the subjects in this study were involved in several kinds of physical activity. The same analysis needs veri®cation in larger samples of homogenous active or non-active groups. Further research is thus recommended, in order to verify the relationships described in this study. Larger and homogenous groups should be included in order to reveal valid norm tables. 
